The present study reports the chemical composition of headspace volatiles (HS) and acetone extracts of the endemic Bulgarian species Achillea thracica Velen. from its natural habitat (N), in vitro propagated (IN) and ex vitro established (EX) plants. Additionally, acetone extracts were tested by a disk diffusion method for antibacterial activity. Irregular monoterpenes were the most abundant HS volatile constituents, while O,O-dimethyl quercetin was the most abundant flavonoid in the acetone extracts. The secondary metabolites of A. thracica grown in its natural habitat (N), propagated in vitro (IN) and ex vitro established (EX) showed that the qualitative composition is mutually similar, but there are differences in the quantitative composition. Considering antibacterial activity, IN and EX samples showed moderate activity against Pseudomonas aeruginosa and Escherichia coli.
Achillea thracica Velen. (Asteraceae, Achillea, sect. Achillea s. lat.) is a critically endangered Bulgarian endemic species listed in the Red Data Book of the Republic of Bulgaria [1a] and in the 1997 IUCN Red List of Threatened Plants [1b] . Micropropagation is a suitable method for obtaining sufficient amount of plant material for ex situ conservation considering the successful organogenesis, normal histogenesis, lack of hyperhydricity and high survival rate both in in vitro propagation and ex vitro establishment [2] .
According to the SciFinder search, as well as Google scholar (up until October 31 2016), there are no published data on A. thracica volatile components and only one paper on the composition of its flavonoids [3] . Therefore, a comparative analysis of the composition and antibacterial activity of the secondary metabolites of plants from their natural habitat (N), in vitro propagated (IN) and ex vitro established (EX) plants was undertaken.
The A. thracica headspace (HS) volatiles identified are listed in Table 1 . The compounds consisted mainly of three types. The most abundant were irregular monoterpenes: 58.5% (N), 58.9% (IN) and 53.7% (EX), followed by terpenes: 19.5% (N), 32.6% (IN) and 21.2% (EX), and esters of either methyl butanoic or methyl butenoic acid: 12.5% (N), 2.5% (IN) and 8.4% (EX). Among the irregular monoterpenes, santolina alcohol was the most abundant component in N and EX samples (31.1% and 28.1%, respectively), while yomogi alcohol was dominant in the IN sample (21.6%). The monoterpene eucalyptol (1,8-cineole) was the second most abundant in all samples: 14.4% (N), 19.6% (IN) and 17.5% (EX). Camphor was present in approximately equal amounts in all samples: 1.0% (N), 0.6% (IN) and 0.4% (EX). Isobornyl acrylate was more prevalent in the IN sample (11.8%) than in the N (3.3%) and EX (<0.1%). There was a noticeable difference regarding the 
The results of the HPLC analysis of the acetone extracts are given in Table 2 . Compound 1 was 3.3 and 4.4 times less abundant in the N sample than in the IN and EX samples, respectively. The presence of components 3 and 4 was reversed: compound 3 in the N sample was 2.1 times higher than in the IN sample and 1.7 times higher than in the EX sample. Compound 2 was not detected in the N sample. Previously, the following flavonoids had been detected in A. thracica samples: 3-O-methyl quercetin, 7-O-methyl quercetin, 3,6-O-dimethyl quercetin, 3,7-O-dimethyl quercetin, and 3,7-Odimethyl kaempferol, which differed from A. chrysocoma and A. clypeolata examined in the same study [3] . The acetone extracts of the A. thracica samples, at two different concentrations, were tested against Gram-positive and Gramnegative bacteria (Table 3 ). Among all the tested extracts, EX (A 40 ) could be distinguished as the most potent, while N (A 4 ) was the weakest. Only EX (A 40 ) showed activity against Salmonella typhimurium. Sample N showed a weak bacteriostatic activity against E. coli and Bacillus subtilis. IN and EX samples generally showed better activity than that of sample N. 
Experimental
Plant material: Achillea thracica Velen. was collected in its natural habitat near Manole village in June 2011 (Plovdiv, Bulgaria). The voucher specimen (SO107385) has been deposited in the Herbarium of Sofia University "St. Kliment Ohridski". In vitro shoot cultures and ex vitro adaptation were as previously described [3] .
Dried, pulverized A. thracica (2 g) was extracted with 10 mL of acetone by ultrasonic extraction for 40 min and further by maceration at room temperature for 24 h. All extracts were prepared and analyzed in triplicate. The obtained masses (the mean value ± standard deviation) of extracts were 43.3±0.5 mg, 57.6±0.7 mg and 59.0±0.3 mg for N, IN and EX samples, respectively. HS volatiles were isolated from plant material (300 mg) according to a previously described procedure [5] . GC-MS, GC-FID analysis [5] , and HPLC analysis were performed as previously described [5a] . The disk diffusion assay was carried out according to NCCLS [6] .
